Introduction
Political developments in the Persian Gulf Region are still in the centre of global public interest. A commentary published in Nature in 1991 shortly after the start of Operation Desert Storm analysed international scientific collaboration patterns during the 1980s of the 8 Persian Gulf States (Iran, Iraq, Kuwait, Saudi Arabia, Qatar, Bahrain, United Arab Emirates and Oman) and 4 neighbouring Middle East countries (Jordan, Lebanon, Syria and Yemen) , and compared these patterns with changes in international political relations (De Bruin et al. 1991) . Its base assumptions stated that international scientific collaboration patterns reflect geographical, political, social and historical relations (Frame and Carpenter 1979) and that it is important for all stakeholders to have a thorough understanding of the relationships in an area of political tension.
This short communication provides an update of the 1991 study by De Bruin, Braam and Moed. It presents a longitudinal bibliometric analysis of publications published from the 8 Persian Gulf States and 4 neighbouring Middle East countries, and indexed in Thomson Reuters' Web of Science and Elsevier's Scopus, covering a time period as long as 35 years . The US diplomat Richard N. Haass predicted in 2006 trends in what he termed as the upcoming ''Middle East fifth era'' (Haass 2006) . This paper empirically examines 4 of Haass' key predictions, namely that (1) ''the United States will continue to enjoy more influence in the region than any other outside power, but its influence will be reduced from what it once was''; (2) ''United States will increasingly be challenged by the foreign policies of other outsiders''; (3) ''Iran will be one of the two most powerful states in the region''; and (4) ''tensions between Sunnis and Shiites will grow throughout the Middle East''.
A bibliometric model of scientific development
Science policy analysts need appropriate tools to monitor the state of their country's scientific development, enabling them to roughly categorize countries in terms of scientific development and compare ''like with like'' rather than directly compare them on the basis of absolute numbers, regardless of their phase of development. For analysts from scientifically developing countries such numbers are often of limited value and can even be discouraging as they are extracted from global rankings which tend to position scientifically developed countries in a ranking's upper part. They need an assessment framework based on the notion that the scientific and economic conditions in which a developing country finds itself at a certain moment are not static but can be viewed as a phase in a process that more scientifically developed countries have already entered with great success.
A bibliometric model of scientific development meeting this requirement is presented in Table 1 . It is applied in the analysis presented in the next sections. It distinguishes four different phases of development of a national research system: (1) a pre-development phase; (2) building up; (3) consolidation and expansion; and (4) internationalization. These phases are briefly described in Table 1 . The model assumes that during the various phases of a country's scientific development, the number of published articles in peer-reviewed journals shows a more or less continuous increase, although the rate of increase may vary substantially over the years. The share of a country's internationally co-authored articles, however, discriminates between the various phases in the development. Table 1 reflects the discontinuities that the model assumes that take place in the indicator values over time when moving from one phase into another. The model is experimental and needs to be further validated and expanded with citation impact indicators, which can be used in the fourth phase of the development process to monitor the internationalization process.
Trends in the number of publications and internationally co-authored publications Iran and Saudi Arabia had in 2014 the largest absolute number of publications of all Persian Gulf States, namely 29,000 and 13,000, respectively. Iran's research output declined during the first half of the 1980s under the influence of the Iraq-Iran War which started in September 1980, but as from the beginning of the 1990s, when the Persian Gulf War started with Iraq's invasion of Kuwait, it revealed an exponential growth, doubling up until 2011 approximately every 3 years. Saudi Arabia's annual publication counts showed almost flat growth rates during 1990-2007, but rapidly increased to around 50 % in 2010-2011, but then declined to 20 % in 2013-2014. According to data extracted from Scopus, using its subject classification into 27 disciplines, for USA, UK and other larger Western countries medicine tends to be the most important discipline, with typically 20 % of publications, followed by engineering and biochemistry, genetics and molecular biology, each with some 10 %. But in China and Malaysia these percentages are reversed, while India, Pakistan and South Korea have an intermediary position. The latter is also true for most Persian Gulf States. The share of their papers in medicine and in biochemistry, genetics and molecular biology is in most cases lower than that of larger western countries, and that in engineering, physics and astronomy and chemistry higher. Exceptions are Bahrain and Lebanon, with 28 and 24 % of articles in medicine, respectively.
Large differences exist between Iran and Saudi Arabia with respect to the amount of foreign input needed to produce these papers. According to Gringas (2014) found that a disproportionally large number of researchers appearing in the Thomson Reuters' list of highly cited researchers indicate Saudi universities as secondary address, thus boosting these institutions up in global university rankings. The articles in which this occurs are counted as internationally co-authored publications in Fig. 2 and can be expected to boost up the Saudi percentage of ICAP as well. Even if the influence of this phenomenon is substantial, it underlines the dependence of this country upon the input of foreign researchers and does therefore not violate the conclusions on its state of scientific development.
Haass' third prediction states that ''Iran will be one of the two most powerful states in the region'' (Haass 2006) . During the past 3 decades, the only country that has been able to create and expand a research infrastructure of its own is Iran, despite the economic boycotts to which it has been subjected during most of the time. In terms of scientific development, Iran is clearly the leading country in the Gulf region. As from 2007, Iran's annual publication count in Incites exceeded both that of Egypt and Israel, and in 2015,-based on an analysis of about 50 % of the total number of 2015-articles eventually published-, also Turkey.
More bibliometric indicators for a large set of Middle East and neighbouring countries for the total time period 1981-2013 and derived from Incites can be found in Gul et al. (2015) . Although this study does not analyze trends over the years, it does present citation impact indicators, showing that Israel ranks first with an impact relative to the world of 1.13 while for all other countries it is below 0.6. This outcome suggests that although Israel and Iran are both in the internationalization phase of the development process, in terms of generating citation impact the first country is currently still far ahead of the second. Figure 3 presents a VOS map of scientific collaborations among the countries in this set of 12 nations. Similar to MultiDimensional Scaling (MDS), VOS aims to locate items in a low-dimensional space in such a way that the distance between any two items reflects the similarity of the items as accurately as possible, but differs from MDS in the way in which it attempts to achieve this aim ). The clustering model is a variant of modularity based clustering, a technique aiming to maximize a modularity measure of a network, defined as the fraction of the links that fall within a given group minus the expected such fraction if links were distributed at random. The VOS technique is a weighted and parameterized variant able to detect small clusters or communities ). Located at the left hand side is a community with five countries with Shia dominance either within a country's Muslim population or in its government (Syria and Yemen). In the remaining two clusters all countries but one have a Sunni dominance. The striking exception is Iran in the right hand cluster, in which 90 % of population is Shia.
International scientific collaboration patters
The community structure in the international co-authorship network among the 12 Gulf and neighbouring Middle East countries displayed in Fig. 3 can be partially interpreted as traces of the main dominations within the Islam, with United Arab Emirates, Lebanon and Saudi Arabia as bridges between the two. But Iran's striking appearance in 2015 in a cluster of countries in which the majority of the population is Sunni (Islam n.d.) does not seem to align with Haass' assertion that ''tensions between Sunnis and Shiites will grow throughout the Middle East''. Intensifying collaborations with Sunny dominated countries does align with a strategy by Iran aiming to become a member of the Arab League, a regional organization of currently 22 Arab countries to which Iran has applied for membership (Arab League n.d.).
Analyzing collaborations between Persian Gulf States and 4 neighbouring Middle East countries on the one hand and countries outside the Middle East region on the other (Fig. 4) , the most striking feature is the emergence of East and South Asian collaboration partners during the past decade, namely China and South Korea in the East, Malaysia in the Southeast and Pakistan and India in the South. Malaysia has in 2015 strong links both with Co-authorship links between Persian Gulf States and countries outside the region are typically one order of magnitude stronger than those among Gulf States. Russia does not appear in Fig. 4 or Table 2 . The overall level of international scientific collaboration in this country is still low, due to historical factors, although it is increasing (Kotsemir et al. 2015) . In its collaborations with the Persian Gulf States and neighbouring Middle East countries, Russia switched from Syria in 1995 to Saudi Arabia and Iran in 2015. Table 2 Table 3 shows the external countries the Gulf and neighbouring Middle East countries preferred to collaborate with in the various disciplines in 2014. All collaboration pairs displayed in Fig. 4 (year 2015) were analyzed. Per discipline a ratio was calculated of the percentage of internationally co-authored papers between a Gulf State and a foreign country and this Gulf state's overall percentage of co-authorships with any country. Table 3 includes only cases for which this ratio exceeds 1.5.
The outcomes presented in Fig. 4 and Table 2 fully align with Haass' first and second trend, namely that ''the United States will continue to enjoy more influence in the region than any other outside power, but its influence will be reduced from what it once was'', and that ''United States will increasingly be challenged by the foreign policies of other outsiders''. Other large Western countries show a decline as well. Instead, Malaysia, China, Pakistan and South Korea have substantially increased the collaboration in the Gulf during the past 10 years. Malaysia is now even the third country partner in the Gulf. Co-authorship strength between two countries is defined as the number of co-authorship links between them weighted on their total number of co-authorship links (Salton's Index). Underlying data were extracted from Thomson Reuters' Incites
Concluding remark
International scientific collaboration patterns reflect geographical, political, social and historical relations and may also actively contribute to shaping these, and thus have an effect upon political relations as well. The recently established bilateral trade agreement of $600 billion between China and Iran in the next decade (Sharafedin 2016) illustrates how Iran's dominance and the increasing role of main South-East Asian countries in the scientific development of the Gulf States have a clear correlate in the political domain. Data were extracted from Scopus, using its subject classification into 27 disciplines, and relate to the year
